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&RQFUHWHDQG&RQFUHWH6WUXFWXUHV&RQIHUHQFH
([WUDGRVHG%ULGJH±7KHRUHWLFDODQG([SHULPHQWDO9HULILFDWLRQ
-DQ%XMQDND-DURVODY2GURELQDND-RVHI9LFDQD
D8QLYHUVLW\RI=LOLQD)DFXOW\RI&LYLO(QJLQHHULQJ8QLYHU]LWQD=LOLQD6ORYDNLD
$EVWUDFW
'HVLJQRIEULGJHVLVDFRPSOH[WDVNIRUFLYLOHQJLQHHUV:KHQGHVLJQLQJWKHUHXVXDOO\LVDWLPHQHFHVVLW\WRYHULI\DOOGHWDLOV,Q
PDQ\ FDVHV GHVLJQ RI FHUWDLQ SDUWV RI WKH EULGJH VWUXFWXUH LV GRQH RQ WKHEDVLV RI H[SHULHQFH 7KHUHIRUH D SURRIORDG WHVW LV
VXJJHVWHGLQFHUWDLQFDVHV7KHPDLQSXUSRVHRIWHVWLQJLVWRYHULI\FDOFXODWLRQPRGHODQGDVVXPSWLRQVRIEULGJHGHVLJQHU$FWXDO
UHVHUYHV LQ ORDGFDUU\LQJ FDSDFLW\ RI WKH QHZ EULGJH VWUXFWXUH FDQ EH GHWHUPLQHG DIWHU WHVW HYDOXDWLRQ ,Q WKH FDVH RI D
UHFRQVWUXFWHGEULGJHWKHORDGWHVWFDQYHULI\VXLWDELOLW\RIWUDQVIRUPDWLRQPRGHODQGHIILFLHQF\RIUHFRQVWUXFWLRQDVZHOO$VWDWLF
FDOFXODWLRQRIFRQVWUXFWHGEULGJHKDVWREHGRQHEHIRUHH[SHULPHQWDOYHULI\LQJ7RVDWLVI\DOOGHPDQGHGFRGHUHTXHVWVVWLOOPRUH
DQGPRUHSUHFLVHWUDQVIRUPDWLRQPRGHOVDUHGHPDQGHG,QWKHSDSHUWKHUDWKHUVRSKLVWLFDWHGEULGJHVXSHUVWUXFWXUHLVFRQVLGHUHG
FRPSXWHUPRGHOOLQJGLVFXVVHGDQGPHDVXUHGYDOXHVHYDOXDWLRQJLYHQ

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI8QLYHUVLW\RI=LOLQD)DFXOW\RI&LYLO(QJLQHHULQJ'HSDUWPHQWRI6WUXFWXUHV
DQG%ULGJHV
.H\ZRUGV([WUDGRVHGEULGJHSURRIORDGWHVWLQVLWXPHDVXUHPHQWWUDQVIRUPDWLRQPRGHO)(0DQDO\VLVG\QDPLFEHKDYLRXU
,QWURGXFWLRQ
%XLOGLQJ D IXQFWLRQDO WUDQVSRUWDWLRQ LQIUDVWUXFWXUH LV D KLJK SULRULW\ IRU RXU FRXQWU\ (TXDOO\ LPSRUWDQW LV
PDLQWDLQLQJ DQG XSJUDGLQJ LWV LQWHJULW\ WR NHHS SDFH ZLWK LQFUHDVLQJ XVDJH KLJKHU WUDIILF ORDGV DQG QHZ
WHFKQRORJLHV %ULGJHV RFFXS\ DQ LQKHUHQW SDUW RI WKLV LQIUDVWUXFWXUH:LWK WKH XVH RI PRGHUQ VWUXFWXUDO DQDO\VLV
FRPSXWHUSURJUDPVWKHPRVWUHOLDEOHGHVLJQDOWHUQDWLYHSURYLGLQJWKHPRVWSUREDEOHUHVSRQVHRIDEULGJHVWUXFWXUH
GXHWRDUDQJHRIGHVLJQHGORDGVFDQEHLGHQWLILHG(YHQWKRXJKPDQ\VLPSOLILHGWHFKQLFDODSSURDFKHVDUHURXWLQHO\


7HOID[
 (PDLODGGUHVV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XVHG LQ WKH DSSOLFDWLRQ RI WKHRULHV WR SUDFWLFH GXULQJ GHVLJQ DQG DQDO\VLV SURFHVV RI EULGJHV :LWK D PRUH
VRSKLVWLFDWHGQXPHULFDOPRGHOXVHGDSUREDELOLW\RIDFFLGHQWDOHUURUVRFFXUULQJPLJKWEHLQFUHDVHGWRR0RUHRYHU
WKHUH LV XVXDOO\ ODFN RI UHTXLUHG WLPH WR YHULI\ DOO GHWDLOV 7KHUHIRUH D SURRIORDG WHVW LV XVHIXO LQ FHUWDLQ
FLUFXPVWDQFHV >@ 7KH PDLQ SXUSRVH LV QRW VLPSO\ WR YHULI\ UHDO EHKDYLRXU RI WKH EULGJH EXW DOVR WR YDOLGDWH
DVVXPSWLRQV RI EULGJH GHVLJQHU $FWXDO UHVHUYHV LQ ORDGFDUU\LQJ FDSDFLW\ RI WKH QHZ EULGJH VWUXFWXUH FDQ EH
GHWHUPLQHG DIWHU WHVW HYDOXDWLRQ >@ 7KXV SURRIORDG WHVW VXSSRUWHG E\ SURSHU ILQLWH DQDO\VLV PRGHO PLJKW
UHSUHVHQWV WKH PRVW SRZHUIXO WRRO IRU YHULILFDWLRQ RI UHDO EHKDYLRXU RI EULGJHV >@ 7KH DLP RI WKH SDSHU LV WR
LOOXVWUDWHWKLVSURFHGXUHRQWKHUDWKHUVRSKLVWLFDWHGEULGJHVWUXFWXUHEXLOWXSUHFHQWO\DVDSDUWRIRXUKLJKZD\V\VWHP
DQGWHVWHGE\RXUGHSDUWPHQW
%ULGJHFRQFHSWLRQ
7KHSUHFDVWSUHVWUHVVHGFRQFUHWHEULGJHPORQJVHH)LJFRQVLVWVRIWKUHHVLGHVSDQVVWDUWLQJIURPP
IROORZHG E\  P DQG DIWHU WKDW  P ORQJ RQH 7KH VL[ SULQFLSDO LQWHUPHGLDU\ VSDQV DUH  P ORQJ
H[WUDRUGLQDU\ IRU FRQFUHWH EULGJH VWUXFWXUH 7KH ODVW HQG VSDQ LV P ORQJ 7KH P ORQJ FLUFXODU EHQWV RI
EULGJHURDGKDV UDGLXVRIP WKHQKLJKZD\FRQWLQXHV LQDVWUDLJKW OLQH7KHFDEOHVWD\VSURYLGH LQWHUPHGLDWH
VXSSRUWVIRUWKHJLUGHULQWKHHLJKWORQJHVWLQWHUPHGLDU\VSDQV7KH\FDUU\WKHORDGRIWKHJLUGHUDQGWUDQVIHULWWRWKH
S\ORQVDQGWRWKHEDFNVWD\FDEOHDQFKRUDJHV7KHFDEOHVWD\VDVDVHULHVRIRYHUODSSLQJWULDQJOHVFRPSULVLQJWKH
S\ORQDQGWKHJLUGHUDUHSODFHGUDWKHUIDUDSDUWIURPHDFKRWKHU7KXVWKHUHODWLYHO\VWLIIH[WUDGRVHGJLUGHUKDVWR
VSDQWKHODUJHVSDFLQJEHWZHHQFDEOHVDQGLQDGGLWLRQWRUHVLVWWKHJOREDOIRUFHV3DUDOOHOZLUHFDEOHVZLWKF\OLQGULFDO
VWHHOVKHOOVRFNHWVILOOHGZLWKHSR[\PL[HGZLWK]LQFZHUHHPSOR\HG/LJKWLQJSODFHGRQWRZHUDQGFDEOHVVKRXOG
HQKDQFHWKHDWWUDFWLYHQHVVDQGYLVLELOLW\RIWKHEULGJHDWQLJKW


)LJ/RQJLWXGLQDOYLHZRIWKHEULGJH>@
7KH KLJK WRUVLRQDO VWUHQJWK RI WKH ER[ JLUGHU PDNHV LW SDUWLFXODUO\ VXLWDEOH IRU VKDUS VXSHUHOHYDWLRQ DQG
WUDQVLWLRQV WR LQWHUFKDQJHUDPSVWUXFWXUHV0RUHRYHUSUHVWUHVVHGFRQFUHWHVWUXFWXUHVXVLQJKLJKVWUHQJWKPDWHULDOV
LPSURYLQJVHUYLFHDELOLW\DQGGXUDELOLW\DUHDQDWWUDFWLYHDOWHUQDWLYH IRU ORQJVSDQEULGJHV$VLQJOHFHOOER[JLUGHU
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KDV EHHQ DOVR FKRVHQ WR SURYLGH WKHPRVW HIILFLHQW VHFWLRQ IRU FDVWLQJ VHH )LJ  7KH SRVWWHQVLRQHG ER[JLUGHU
EULGJHVXSHUVWUXFWXUHFRQWDLQVWRSGHFNERWWRPVODEDQGWZRZHEV7KHKLJKZD\FDWHJRU\'RQWKHEULGJH
FRQVLVWVRIWZRODQHVRIPZLGWK7KXVWKHVXSHUVWUXFWXUHLVPZLGHIURP&FRQFUHWHFODVVZLWK
WKHVWUXFWXUDOGHSWKRIP,QODUJHULQWHUPHGLDWHVSDQVJLUGHUGHSWKVYDU\WRSURYLGHFXUYHGVRIILWDQGKDXQFKHV
6WUXFWXUDOGHSWKDERYHSLHUV LQ WKHH[WUDGRVHGVSDQVRI WKHEULGJH LV WKHQP/RFDOKDXQFKHVDUHXVHGDW WKH
LQWHUVHFWLRQRIWKHVODEVDQGWKHZHEV7RVXSSRUWWKHVLGHFDQWLOHYHUVRIWRSGHFNDQGWRWUDQVIHUORDGIURPWKHPWR
WKH ERWWRP FRUQHU RI WKH PDLQ ER[ H[WUDGRVHG JLUGHU SUHFDVW VWUXWV ZHUH GLVSRVHG DW GLVWDQFHV  P ,Q WKH
ORQJLWXGLQDOGLUHFWLRQWKHVLGHORQJVWUXWVRIVTXDUHFURVVVHFWLRQRI[PDUHDUUDQJHGLQWKHIRUPRIZDUUHQ
WUXVVHV


)LJ7\SLFDOFURVVVHFWLRQRIH[WUDGRVHGSDUWRIWKHEULGJH>@
:KHUHH[WUDGRVHGFDEOHVUHDFKWKHPDLQER[JLUGHUDORQJLWXGLQDODQFKRUEHDPLVFDVWHGLQWKHFHQWUHRIWKHWRS
GHFN7KH IRUFHV IURP WKHDQFKRUVRI WKHFDEOH VWD\VDUH WUDQVPLWWHG WR WKHERWWRPHGJHVRI WKHER[JLUGHUFURVV
VHFWLRQ WKURXJK WZR SUHVWUHVVHG WLHV 7KH VWD\ FDEOHV LQ WKLV FDVH RI ORZ S\ORQV WKH\ PD\ EH LGHQWLILHG DV WKH
H[WUDGRVHG FDEOHV WUDQVIHU D SDUW RI ORDG LQWR WKH S\ORQV $OO VHYHQ  PHWUHV KLJK S\ORQV DUH PRQROLWKLFDOO\
FRQQHFWHG WR WKH VXSHUVWUXFWXUH WKURXJK WKH FURVVZDOO LQVLGH WKH ER[ JLUGHU DERYH WKH SLHUV %HWZHHQ WKH
VXSHUVWUXFWXUH DQG SLHUV D SRW EHDULQJV ZHUH LQVWDOOHG WR WUDQVPLW ORDGV WR WKH VXEVWUXFWXUH DQG WR DFFRPPRGDWH
UHODWLYHPRYHPHQWV
7KHSLHUVLQWKHQRQVXVSHQGHGWZRVLGHVSDQVDUHIURPWRPKLJK&RQWUDU\WRWKHPWKHSLHUVXQGHUWKH
S\ORQVVWDUWZLWKWKHKHLJKWRIPXQGHUWKHMRLQWRIWKHILUVWS\ORQVWRWKHVXSHUVWUXFWXUHDQGHQGZLWKVRPH
PXQGHUWKHODVWS\ORQ$WWHQWLRQZDVSDLGQRWRQO\WRWKHDHVWKHWLFORRNRIWKHVXSHUVWUXFWXUHEXWRIWKHSLHUVWRR
7ZROHJVRI WKHVFDSHRI WKH WDOOSLHUVDUHFDVWHGWRJHWKHURQ LWV WRSDQG WKHQ WKHFURVVVHFWLRQ LVVSLWWHG LQWRIRXU
FROXPQVLQWKHKHDGSDUWRIWKHSLHUVFUHDWLQJWKHEHGEHDUHUVIRUWKHEHDULQJV(DFKSLHUZDVIRXQGHGRQWKHPLFUR
SLOHVIRXQGDWLRQWKURXJKDELJEDVHVODE
$IWHUFRQVWUXFWLRQRIIRXQGDWLRQVDQGDOOSLHUVDEDODQFHGFDQWLOHYHUVHJPHQWDOFRQVWUXFWLRQIRUWKHFRQFUHWHER[
JLUGHU KDVEHHQ DFFHSWHG DV WKHPRVW HIILFLHQWPHWKRGV7KLV WHFKQLTXH KDGJUHDW DGYDQWDJHVRYHU RWKHU IRUPVRI
FRQVWUXFWLRQHVSHFLDOO\LQWKHXUEDQDUHDZKHUHWHPSRUDU\VKRULQJZRXOGGLVUXSWWUDIILFDQGVHUYLFHVEHORZZLWKRXW
H[SHQVLYHIDOVHZRUN&RQVWUXFWLRQKDVFRPPHQFHGIURPWKHSHUPDQHQWSLHUVDQGSURFHHGHGLQDEDODQFHGPDQQHUWR
PLGVSDQ7KHFDQWLOHYHUVZHUHFRQVWUXFWHGIURPWRPORQJFDVWLQSODFHVHJPHQWV
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&RPSXWDWLRQPRGHO
$QDO\VLV5HTXLUHPHQWV
'XULQJGHVLJQRIEULGJHVPDQ\VLPSOLILFDWLRQVDUH LQWURGXFHG LQDQDO\VLV)RUH[DPSOH D VHSDUDWLRQRI VSDWLDO
VWUXFWXUDOV\VWHPLQWRVHYHUDOLQSODQHVXEPRGHOVLVFRPPRQO\XVHGLQGHVLJQSURFHVV1RPLQDOYDOXHVRIPDWHULDO
DQG JHRPHWULF SDUDPHWHUV LQ WUDQVIRUPDWLRQ PRGHOV KDYH WR EH HVWLPDWHG E\ GHVLJQHU DV ZHOO ,Q JHQHUDO ZKHQ
VLPSOLILFDWLRQVDUHLQWURGXFHGLQWRGHVLJQSURFHVVPRUHFRQVHUYDWLYHUHVXOWVDUHGHULYHG
6XFK EDVLF DVVXPSWLRQV FDQQRW EH DVVXPHG LQ WKH FDVH RI DVVHVVPHQW RI DFWXDO EHKDYLRXU RI H[LVWLQJ EULGJH
VWUXFWXUH XQGHU H[SORLWDWLRQ $FWXDO PDWHULDO FKDUDFWHULVWLFV DQG JHRPHWULF SDUDPHWHUV LQFOXGLQJ IDEULFDWLRQ DQG
HUHFWLRQ LPSHUIHFWLRQV VKRXOGEH LPSOHPHQWHG LQWRQXPHULFDODQDO\VLV0RUHSUHFLVHQXPHULFDOPRGHOVKDYH WREH
JHQHUDOO\GHYHORSHGIRUGHVFULSWLRQRIVSDWLDOEHKDYLRXURIEULGJHVWUXFWXUH,IUHOHYDQWUHDOFRQVWUXFWLRQGHWDLOVLWV
VWLIIQHVV EHDULQJ DGMXVWPHQW DQG RWKHU IHDWXUHV VKRXOG EH DOVR HPSOR\HG LQWR WUDQVIRUPDWLRQ QXPHULFDO PRGHOV
2EYLRXVO\VSDFH'PRGHOVEDVHGRQILQLWHHOHPHQWPHWKRGPD\EHFUHDWHGWRGHWHUPLQHPRUHSURSHULQWHUQDOIRUFHV
DQG GHIRUPDWLRQV0HPEHUEDVHG PRGHO RU FRPELQDWLRQ RI PHPEHU RU EHDP HOHPHQWV ZLWK SODQH RU VKHOO ILQLWH
HOHPHQWVVKRXOGEHKDELWXDOO\XVHGIRUDSSUR[LPDWLRQRIWKHHQWLUHEULGJHVXSHUVWUXFWXUH9ROXPHHOHPHQWVDUHQRW
XVXDOO\ SUHIHUUHG XQOHVV WKH LQWHUDFWLRQZLWK VRLO KDV WR EH WDNHQ LQWR DFFRXQW RU MRLQW VXEPRGHOOLQJ LV UHTXLUHG
+RZHYHUWKHUHLVQRQHHGWRFUHDWHYHU\GHWDLOHGDQGWLPHFRQVXPLQJILQLWHPRGHORIWKHZKROHVWUXFWXUHWDNLQJLQWR
DFFRXQWHDFKPHPEHURUVWUXFWXUDOSDUW&KRLFHRIDFWXDOILQLWHHOHPHQWDQGGHJUHHRIVLPSOLILFDWLRQRQDQ\VWUXFWXUH
SDUWRUPHPEHUDSSOLHGGHSHQGRQWKHGHVLJQHUFRPSHWHQFHV
)(0PRGHORIWKHWHVWHGEULGJHVWUXFWXUH
2QWKHEDVLVRIFRUHGDWDIURPGHVLJQGRFXPHQWDWLRQ>@DWUDQVIRUPDWLRQPRGHOXVLQJVRIWZDUHEDVHGRQILQLWH
HOHPHQW SURFHGXUHZDVGHYHORSHG)LJ $V WKHEULGJHKDGEHHQ DOUHDG\EXLOWXS JHRPHWULF DVZHOO DVPDWHULDO
FKDUDFWHULVWLFVFRXOGEHDWWXQHGDQGHUHFWLRQVWDJHVVXFFHVVLYHO\VLPXODWHG7KHSODWHILQLWHHOHPHQWVZHUHXVHGIRU
DSSUR[LPDWLRQRIWKHFURVVVHFWLRQLQRUGHUWRUHSUHVHQWDSSURSULDWHO\WUDQVYHUVDOEHKDYLRXUDQGWRUVLRQDOVWLIIQHVVRI
WKHPDLQEULGJHJLUGHU7KHWKLFNQHVVHVRIWKHZHEVDQGWKHERWWRPVODERIFURVVVHFWLRQWUDFNWKHLUUHDOYDULDWLRQV
DORQJWKHEULGJH,QWKHFDVHRIWRSVODEIODQJHVWKHKDXQFKHVZHUHPRGHOOHGWRVLPXODWHFRUUHFWO\UHDOWUDQVYHUVDO
ORDGUHGLVWULEXWLRQ)LJ


)LJ)LQLWHHOHPHQWUHSUHVHQWDWLRQRIH[WUDGRVHGEULGJHDQGDSDUWRILWVUHQGHUHGYLHZ
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7KHIODWZDOOVDVVWLIIGLDSKUDJPVZHUHORFDWHGLQVLGHWKHER[FURVVVHFWLRQDWWKHORFDWLRQRIWKHS\ORQVMRLQWVWR
WKHPDLQJLUGHU$OORWKHUVPHPEHUVRIWKHGHFNJLUGHULHWKHSUHFDVWVWUXWVRQVLGHVWKHLQQHUSUHVWUHVVHGWLHVDQG
WKH ORQJLWXGLQDO DQFKRULQJ EHDP LQ WKH PLGGOH RI WKH GHFN ZHUH PRGHOOHG E\ RQHGLPHQVLRQDO PHPEHU ILQLWH
HOHPHQWV$VDOOGHFNVWUXFWXUDOSDUWVUHPDLQXQGHUSHUPDQHQWFRPSUHVVLRQSURGXFHGE\HLWKHUSUHVWUHVVLQJFDEOHV
RU ORDG HIIHFWV WKH VWLIIQHVV RI WKH HQWLUH EULGJHGHFNPD\ QRW EH UHGXFHGGXH WR HIIHFW RI WKH FRQFUHWH FUDFNLQJ
7KHUHIRUHWKHEHQGLQJDQGWRUVLRQDOVWLIIQHVVRIWKHGHFNFDQEHFORVHWRWKHUHDOFLUFXPVWDQFHV
%RWKWKHS\ORQVFRQQHFWHGWRWKHGHFNDQGWKHSLHUVXQGHUQHDWKWKHPDLQJLUGHUZHUHVLPXODWHGE\WKHPHPEHU
HOHPHQWV ZLWK D QRQXQLIRUP FURVVVHFWLRQ )LJ  )URP )LJ  LW LV EHWWHU HYLGHQW WKDW FDUH ZDV SDLG WR WKH
DSSUR[LPDWLRQRIUHDOQRQXQLIRUPFKDQJHVLQWKHLUVWLIIQHVV7KHH[WUDGRVHGFDEOHVZHUHFRYHUHGLQWRWKHPRGHOE\
WKHLUUHDOFURVVVHFWLRQDUHDVDQGPDWHULDOSDUDPHWHUV



)LJ(OHPHQWVRIILQLWHPRGHOLQWKHFULWLFDOVWUXFWXUDOSDUWVRIEULGJH
$VFRQVWUXFWLRQVWDJHVDQGWKHORDGDSSOLHGWRWKHSLHUVWKHEULGJHEHDULQJDVZHOODVSLOHVIRXQGDWLRQZHUHQRW
PRGHOOHGLQGHWDLO7KXVVLPSO\WKHIL[HGVXSSRUWVZHUHFRQVLGHUHGDWWKHERWWRPRIHDFKSLHU0HDVXUHPHQWGXULQJ
EXLOGLQJ RI WKH EULGJH FRQILUPHG WKDW VXFK DVVXPSWLRQ FDQ EH DFFHSWHG (YHQ GXULQJ WKH SURRIORDG WHVW WKH
DVVXPSWLRQRIWKHULJLGEHDULQJZLWKRXWVLJQLILFDQWVHWWOHPHQWVZDVFRQILUPHGHVSHFLDOO\IRUVKRUWWHUPORDGDFWLRQV
,QVLWXORDGWHVW
)LHOGPHDVXUHPHQWVDUHSHUIRUPHGWRGHWHUPLQHWKHDFWXDOWUXFNORDGHIIHFWVDQGWRYHULI\WKHDYDLODEOHDQDO\WLFDO
PRGHOV$ UHDO EHKDYLRXU GHIRUPDWLRQ DQG VWUHVV FRQGLWLRQ XQGHU DSSURSULDWH WHVWLQJ ORDGV DUH XVXDOO\ REVHUYHG
)LHOGPHDVXUHPHQWVDWPLGVSDQORFDWLRQDQGHYHQWXDOYHUWLFDOVHWWOHPHQWVRIEULGJHEHDULQJVVKRXOGEHUHFRUGHGIRU
VHOHFWHG DUUDQJHPHQW RI WHVWLQJ ORDG $SSOLHG WHVW ORDG VKRXOG VLPXODWH D WUDIILF VLWXDWLRQ ZKLFK SURGXFH
GHIRUPDWLRQ DQG LQWHUQDO IRUFHV ODUJH HQRXJK WR VDWLVI\ JLYHQ FULWHULD 7KH FRUUHFW EULGJH EHKDYLRU E\ SURRIORDG
WHVWLQJ FDQ EH DFNQRZOHGJHG ZKHQ VWDQGDUG FULWHULD JLYHQ E\ WKH UHJXODWLRQV >@ ZRXOG EH VDWLVILHG 7KH FRGH
LQWURGXFHV DQ HIILFLHQF\ UDWLRȘ ZKLFKPHDQV WKH UHODWLRQ EHWZHHQ HODVWLFPHDVXUHG YDOXHV6WHVW RI DQ\ REVHUYHG
SDUDPHWHUSURGXFHGE\SURRIORDGDQGFDOFXODWHGYDOXHV6FDOUHVXOWLQJIURPWKHDFWLRQVRIFRGHORDGDQGPXOWLSOLHG
E\WKHWKHRUHWLFDOG\QDPLFFRHIILFLHQWIDFFRUGLQJWR
 WHVW FDO6 6K I    
,QWKHFDVHRIWKHKLJKZD\EULGJHXQGHUFRQVLGHUDWLRQWKHWHVWORDGLQJFRQVLVWHGRIDQDSSURSULDWHDUUDQJHPHQWRI
WRWUXFNVRIFRQWUROOHGZHLJKWHDFKRIWKHPKHDY\DERXWWRQV>@(IILFLHQF\UDWLRȘVKRXOGEHQRUPDOO\
EHWZHHQDQGIRUHYHU\UHFRUGHGH[SHULPHQWDOYDOXHIRUZKLFKDFHUWDLQW\SHRIYHKLFOHDUUDQJHPHQWZDV
GHILQHG,QWKHFDVHRIWKHWHVWHGEULGJHWKHYDOXHVRIKPDQDJHGWRDWWDLQDFWXDOPDJQLWXGHIURPWR$VDQ
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H[DPSOH WKHORDGLQJYHKLFOHDUUDQJHPHQWFRQWUROOLQJWKHPDLQLQQHUVSDQVLVSUHVHQWHGLQ)LJDQG7KHJLYHQ
YHKLFOH ORFDWLRQ ZRXOG SURGXFH WKH HIILFLHQF\ UDWLR FDOFXODWHG IURP PLGVSDQ GHIOHFWLRQV   K

DOWHUQDWLYHO\ GHWHUPLQHG IURPPD[LPXP EHQGLQJ PRPHQW LQ WKH VSDQ  K DQG WKH YDOXH RI WKLV UDWLR
FRUUHVSRQGLQJWRHIIHFWVRIGHFNWRUVLRQVKRXOGEH  K 
$GGLWLRQDOO\WKHORDGSRVLWLRQLOOXVWUDWHGLQ)LJFRXOGEHDOVRYDOXDEOHIRUYHULILFDWLRQRIEHQGLQJEHKDYLRXURI
WKH S\ORQV DV ZHOO DV FRQWUROOLQJ FUHDWHG IRUFH LQ VHYHUDO H[WUDGRVHG FDEOHV ,Q WKLV FDVH WKH HIILFLHQF\ UDWLR Ș
DWWDLQHGWKHYDOXHVRQO\IURPWR(YHQVRWKHPDJQLWXGHVUHPDLQVWLOOPRUHWKDQWKHYDOXHZKLFKLV
WKHFRGHOLPLWLQVRPHVSHFLILFFDVHV


)LJ([DPSOHRIWKHYHKLFOHDUUDQJHPHQWVLQWKHPDLQPLGGOHVSDQV

)LJ7HVWLQJWUXFNVDWWKHOHVVORDGHGKLJKZD\WUDIILFODQHRIWKHGHFNLQWKHDERYHPHQWLRQHGDUUDQJHPHQW
$OHYHORIUHVLGXDOSDUWRIGHIOHFWLRQ6USURGXFHGE\LUUHYHUVLEOHGHIRUPDWLRQRIPHPEHUVDQGFRQQHFWLRQVLVWKH
VXSSOHPHQWDU\LPSRUWDQWFULWHULRQ7KLVUHPDLQLQJGHIRUPDWLRQKDVWREHIHZHUWKDQRIWRWDOPHDVXUHGYDOXHV
DFFRUGLQJWRZKHUHWKHWRWDOPHDVXUHGYDOXHVDUHJLYHQE\WKHVXPPDWLRQ
 U WRW6 6 d   
WRW H U6 6 6    
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$OOH[SHULPHQWDOYDOXHVSURGXFHGGXULQJERWKWKHVWDWLFDQGWKHG\QDPLFSURRIORDGWHVWZHUHPRQLWRUHGXVLQJ
WKH PHDVXULQJ DQG UHFRUGLQJ VWDWLRQ 63,'(5  $GGLWLRQDOO\ WHPSHUDWXUH DFWLRQV DQG ZLQG YHORFLWLHV ZHUH
UHJLVWHUHGGRZQZLWKWKHDLPWRVHSDUDWHWKHVHFOLPDWHHIIHFWV
,WFRXOGEHFRQFOXGHGWKDWWKHQXPHULFDOPRGHOKDGEHHQYDOLGDWHGEHFDXVHUHDVRQDEO\JRRGFRUUHODWLRQZLWKWKH
H[SHULPHQWDOGDWDZDVREVHUYHG)RUH[DPSOHWKHUDWLRVRIH[SHULPHQWDOHODVWLFGHIOHFWLRQVIHWRWKHRUHWLFDORQHVIFDO
ZHUHLQWKHUDQJHIURPWR
9HKLFOHVFURVVLQJDEULGJHDWFHUWDLQVSHHGVFUHDWHG\QDPLFHIIHFWVHVSHFLDOO\JOREDOYLEUDWLRQVDQGORFDOGDPSLQJ
HIIHFWV7KHPDJQLWXGHRIWKHG\QDPLFUHVSRQVHGHSHQGVRQWKHEULGJHVSDQLWVVWLIIQHVVDQGVXUIDFHURXJKQHVVHYHQ
RQYHKLFOHG\QDPLFFKDUDFWHULVWLFVVXFKDVPRYLQJVSHHGRUERXQGDU\FRQGLWLRQVRIVWUXFWXUDOV\VWHP
7KHWHVWLQJPHWKRGFRQVLVWHGRIZHLJKWFRQWUROOHGWUXFNVUXQQLQJWKHWHVWHGEULGJH)RUHDFKWUXFNSDVVDJH WKH
G\QDPLF UHVSRQVHZDVPRQLWRUHG DV ZHOO DV VWUDLQ DQG DFFHOHUDWLRQ GDWD UHFRUGHG7KH WUXFNZHLJKW VSHHG D[OH
FRQILJXUDWLRQ DQG ODQH RFFXSDQF\ DUH DOVRPHDVXUHG 7KH YHKLFOH VSHHGV WLPH RI FURVVLQJ DQG WUDFN RFFXSDWLRQ
KDYHEHHQPRQLWRUHGXVLQJODQHVHQVRUVRQWKHURDGZD\SODFHGLQWKHWHVWHGEULGJHVSDQ$FRPSXWHUZDVXVHGWR
FRPPXQLFDWHZLWKWKHGDWDDFTXLVLWLRQV\VWHPIRUFRPPDQGVUHJDUGLQJGDWDDFTXLVLWLRQFDOLEUDWLRQDQGGLVSOD\RU
GRZQORDGLQJ
7KH G\QDPLF ORDG LV JHQHUDOO\ YDULDEOH LQ WLPH DQG UDQGRP LQ QDWXUH 7KHVH G\QDPLF HIIHFWV DUH XVXDOO\
FRQVLGHUHGDVDQHTXLYDOHQWVWDWLFOLYHORDGDPSOLILHGE\DG\QDPLFORDGIDFWRU,QG\QDPLFWHVWLQJRIEULGJHV WKH
G\QDPLFIDFWRULVHYDOXDWHGIURPWKHUDWLRRIG\QDPLFDQGVWDWLFUHVSRQVHVDFFRUGLQJWRWKHIRUPXOD7KHYDOXH
6G\Q LV WKH PD[LPXP G\QDPLF PDJQLWXGH RI VWUHVV VWUDLQ RU GHIOHFWLRQ REWDLQHG IURP WKH UHFRUGHG GDWD WR WKH
VWDWLRQDU\UHVSRQVH6VWDWSURGXFHGE\VORZPRYLQJYHKLFOH7KHPD[LPXPLPSDFWHIIHFWLVXVXDOO\DWWDLQHGZKHQWKH
PRYLQJORDGFURVVHVWKHGHFNDWDFULWLFDOVSHHG
PD[ G\Q VWDW6 6I    
7KHQRUPDOL]HGWKUHHGLPHQVLRQDOVHFRQGPRGHVKDSHRIWKHEULGJHGHFNGHWHUPLQHGE\RXUFRPSXWHUPRGHOLV
JLYHQLQ)LJ



)LJ7KHVKDSHRIWKHVHFRQGPRGHRIWKHEULGJHQDWXUDOYLEUDWLRQZLWKIUHTXHQF\I +]
7KHPDLQPLVVLRQRIG\QDPLFPHDVXUHPHQWZDVYHULI\LQJWKHLPSDFWIDFWRUIRUGLIIHUHQWVSHHGVRIOLYHORDG7KH
H[WUHPH OLYH ORDGLQJ LPSDFW HIIHFWV ZHUH LGHQWLILHG IRU WKH VSHHGPRUH RU OHVV  NPāK 7HVWLQJ ORDG SDVVLQJ
WURXJKEULGJHE\WKLVFULWLFDOVSHHGSURGXFHGWKHKLJKHVWYDOXHRILPSDFW IDFWRUIPD[ 7KHGHWDLODQDO\VLVRI
WLPHGHSHQGHQWUHFRUGHGGHIOHFWLRQVUHYHDOHGWKDWIRUORZHUYDOXHVRIORDGVSHHGEULGJHVWUXFWXUHZRXOGRVFLOODWHLQ
YHUWLFDOGLUHFWLRQLQLWVVHFRQGQDWXUDOSURSHUVKDSH)LJZLWKIUHTXHQF\I +])RUKLJKHUVSHHGYDOXHVWKH
RVFLOODWLRQZRXOGEHLQWKHIRUWKQDWXUDOVKDSHZLWKIUHTXHQF\I +]7KHYDOXHRIDGDPSLQJGHFUHPHQWIDFWRU
EHWZHHQ  DQG  ZDV DOVR GHULYHG IURP PHDVXUHG GDWD $V D FRQFOXVLRQ WKH LGHQWLILHG G\QDPLF
FKDUDFWHULVWLFVKDYHW\SLFDOYDOXHVIRUWKLVW\SHRIEULGJHVXSHUVWUXFWXUH
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&RQFOXVLRQDQGGLVFXVVLRQ
7KHSULPDU\WDVNRIORDGLQJWHVW LV WRYHULI\UHDOVWDWLFRUG\QDPLFEHKDYLRXUDQGWRFRQILUPQXPHULFDOPRGHOV
DSSOLHGE\EULGJHGHVLJQHU*HQHUDOO\PRUHVRSKLVWLFDWHGILQLWHQXPHULFDOPRGHOVKDYHWREHGHYHORSHGWRSURGXFH
UHOLDEOHUHVXOWVFRPSDUDEOHZLWKH[SHULPHQWDOUHFRUGV(YHQLQWKHFDVHRIFRPPRQEULGJHVZLWKVKRUWHUVSDQVPRUH
SUHFLVHDQDO\VLVFDQEHUHTXLUHG>@
7KH H[DPSOHRI WKH H[WUDGRVHGEULGJH LQ WKLV SDSHU LOOXVWUDWHV WKDW ORDGLQJ WHVWV WRJHWKHUZLWK)(0PRGHOOLQJ
UHSUHVHQWYHU\SRZHUIXOFRQWUROPHFKDQLVP$VLWHYDOLGDWHGPRGHOFDQEHREWDLQHGE\UXQQLQJGHVLJQYHKLFOHVZLWK
NQRZQORDGVDQGE\PHDVXULQJFULWLFDOUHVSRQVHVRIWKHEULGJH3UDFWLFDOO\DOOUHOHYDQWGLIIHUHQFHVGHIHFWVRUHYHQ
VWDWLF LPSHUIHFWLRQV FDQ EH UHYHDOHG EHIRUH SXWWLQJ D EULGJH LQWR H[SORLWDWLRQ ,Q DGGLWLRQ H[SHULPHQWDO GDWD DQG
QXPHULFDOPRGHOVSUHVHQWSRZHUIXOWRROVIRULGHQWLILFDWLRQRIUHDOVSDWLDOEULGJHFRQVWUXFWLRQEHKDYLRXU
$FNQRZOHGJHPHQWV
7KLV SDSHU SUHVHQWV UHVXOWV RI ZRUNV VXSSRUWHG E\ WKH 6ORYDN 5HVHDUFK DQG 'HYHORSPHQW $JHQF\ XQGHU WKH
FRQWUDFW 1R $399 DQG E\ WKH 6FLHQWLILF *UDQW $JHQF\ RI WKH 6ORYDN 5HSXEOLF XQGHU WKH SURMHFW 1R

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